1. Introduction
===============

Atrial fibrillation (AF) is the most common cardiac rhythm disorder and is associated with an increased risk of mortality and morbidity from stroke and thromboembolism. This risk is not homogeneous and can best be estimated in individual patients using the congestive heart failure, hypertension, age, diabetes mellitus, prior stroke or TIA or thromboembolism, vascular disease, age, sex category (CHA~2~DS~2~-VASc) score.^\[[@R1]--[@R3]\]^ The CHA~2~DS~2~-VASc score is an extension of the CHADS~2~ score and includes a number of risk factors for ischemic stroke such as age, patient history, gender and clinical risk factors and concomitant diseases.^\[[@R3]\]^ The European Society of Cardiology^\[[@R4]\]^ as well as the American College of Cardiology/American Heart Association Task Force on Practice Guidelines and the Heart Rhythm Society^\[[@R5]\]^ have recommended the use of the CHA~2~DS~2~-VASc score in the management of atrial fibrillation. The aim of this score is to improve the stratification of risk of stroke in patients diagnosed with AF by identifying patients who could safely do without oral anticoagulation therapy.

There is considerable variability in published results relating to the mortality of AF patients in correlation with CHA~2~DS~2~-VASc score, especially with regards to patient history, drug treatment and clinical status.^\[[@R6]--[@R13]\]^ There are several important clinical characteristics that affect the risk of such events, for example, coronary artery disease, heart failure, diabetes mellitus, and hypertension, and this could explain, at least in part, the difference between the results of the present and previous studies. Also, considerable variation exists in the publications about the risk of ischemic stroke in AF patients with CHA~2~DS~2~-VASc score of 1, focused to differences in ischemic stroke versus thromboembolism. give conflicting advice between European guidelines^\[[@R4]\]^ which favor novel oral anticoagulants (NOACs) for CHA~2~DS~2~-VASc score of 1 with an alternative being warfarin, whereas the new US guidelines state that no antithrombotic therapy, aspirin, or OAC may be the appropriate treatment strategy for some in this class^\[[@R5]\]^ (Table [1](#T1){ref-type="table"}, Table [2](#T2){ref-type="table"}).
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CHADS~2~ score and Annual Stroke Risk.
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CHA~2~DS~2~-VASc score and annual stroke risk.
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The purpose of this retrospective study is to further characterize the predictive value of the CHA~2~DS~2~-VASc score not only in terms of a patient\'s individual risk for stroke and need for anticoagulation therapy, but also for all-cause mortality in patients suffering from paroxysmal, persistent and permanent AF, because such specific data is missing in present literature.

2. Methods
==========

2.1. Study design
-----------------

We performed an observational retrospective cohort study (CONSORT compliant) of randomly selected patients with a primary diagnosis of ICD-10-CM Code I48 Atrial fibrillation that were hospitalized between 2009 and 2011 in Department of Arrhythmias and Cardiac Pacing of the National Institute of Cardiovascular Diseases in Bratislava, Slovakia. We collected data from hospital discharge documents and monitored survival on the selected patients for 3 to 5 years following discharge from the hospital. The primary outcome was to determine differences in comorbidities and the risk factors of stroke in the 3 types of atrial fibrillation. The secondary outcome was to investigate the prognostic value of CHA~2~DS~2~-VASc score and other risk factors for all-cause mortality and survival of patients with AF. The study was approved by the institutional review board.

Based on the presentation, duration, and spontaneous termination of AF episodes, the types of AF are traditionally distinguished: paroxysmal, persistent, and permanent AF.^\[[@R4],[@R5]\]^ Paroxysmal - self-terminating, in most cases within 48 hours. Some AF paroxysms may continue for up to 7 days. AF episodes that are cardioverted within 7 days should be considered paroxysmal. Persistent - AF that lasts longer than 7 days, including episodes that are terminated by cardioversion, either with drugs or by direct current cardioversion, after 7 days or more. Long-standing persistent AF Continuous AF lasting for ≥1 year when it is decided to adopt a rhythm control strategy.

Permanent - AF that is accepted by the patient (and physician). Hence, rhythm control interventions are, by AF should be adopted as a rhythm control strategy, the arrhythmia would be re-classified as "long-standing definition", not pursued in patients with permanent persistent AF.^\[[@R4],[@R5]\]^

2.2. Patient selection and data collection
------------------------------------------

The cohort consisted of 137 patients (mean age 61 ± 15; 34.3% women) with a confirmed diagnosis of AF. Patients were classified according to sex and type of AF -- (paroxysmal, persistent or permanent fibrillation subgroups). Data relating to cardiovascular risk factors, comorbidities, etiology of AF, drug therapy, previous cardiac surgery, and clinical parameters were collected from hospital discharge documents. The mortality data was obtained from government records. During the follow-up period of our study, 121 patients survived and 16 patients died.

2.3. CHA~2~DS~2~-VASc score
---------------------------

The CHA~2~DS~2~-VASc score is a point-based system used to stratify the risk of stroke in AF patients. The acronym CHA~2~DS~2~-VASc stands for congestive heart failure, hypertension, age ≥75 (doubled), diabetes, stroke (doubled), vascular disease, age 65 to 74 and sex category (female). Two points are awarded for stroke, transient ischemic attack or thromboembolism in the medical history and for age over 75. One point is assigned for age 65 to 75, hypertension, diabetes mellitus, heart failure or left ventricular systolic dysfunction (ejection fraction \<40%), vascular disease (prior myocardial infarction, peripheral artery disease, aortic plaque), and female sex. Patients were stratified into 3 groups according to CHA~2~DS~2~-VASc score as recommended by the European Society of Cardiology guidelines for Atrial Fibrillation: score 0 -- low risk, score 1 -- medium risk, score ≥2 -- high risk (Table [1](#T1){ref-type="table"}, Table [2](#T2){ref-type="table"}).^\[[@R4]\]^

2.4. Statistical analysis
-------------------------

Statistical analysis was performed using Graph Pad Prism, v6.0c and MedCalc, v12.7.5 software. For descriptive statistics, we evaluated continuous data using the arithmetic mean ± standard deviation whereas for categorical data, results were reported as numbers and percentages. As the majority of data was categorical, we applied Chi-square test to compare subgroups and also identify the tendency for trends. Results with *P* value \<.05 (2-sided) were considered to be statistically significant. Multivariate logistic regression analysis was used to determine the predictive strength of the risk factors regarding mortality. Survival was evaluated using Kaplan-Meier curves. Survival distribution of groups was compared using the logrank (Mantel-Cox) test.

3. Results
==========

The number of patients included in the study was 137 and the follow-up time was from 3 to 5 years. The characteristics of the patients at the time of hospital discharge are described in Table [3](#T3){ref-type="table"}. Patients were older with mean age of 61 and above normal weight according to the mean BMI 29.3 ± 5.6 kg/m^2^. The majority of patients suffered from paroxysmal (43.1%), followed by persistent (32.8%) and permanent (16.1%) AF. In 8.03% of cases, we could not determine the AF type from the hospital record.
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Characteristics of patients at time of hospital discharge.
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We collected data about comorbidities and related them to the various AF types, as shown in Table [4](#T4){ref-type="table"}. The most common comorbidity was arterial hypertension (67.9%), followed by hyperlipidemia (50.4%) and atrial flutter (40.1%). In patients with permanent fibrillation, the most common comorbidity was ischemic heart disease (54.5%). A significant statistical difference between the incidence of some comorbidities was found between the 3 types of AF: ischemic heart disease (*P* \< .0001), vascular diseases -- as defined above (*P* = .002), diabetes mellitus (*P* = .047), valvular heart disease (*P* = .03) and heart failure or left ventricular dysfunction (*P* = .015).
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Comorbidities in our patient group compared in different types of AF.
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A statistically significant difference in age was detected when comparing the incidence of comorbidities between men and women for age≥75 (Fig. [1](#F1){ref-type="fig"}A), with women older than 75 having a higher incidence of comorbidities (*P* \< .0001) (Fig. [1](#F1){ref-type="fig"}A). Figure [1](#F1){ref-type="fig"}B shows the comparison of comorbidities between the 3 types of AF.

![A: Comparison of comorbidities between men and women. B: Comparison of comorbidities between types of AF.](medi-98-e16560-g005){#F1}

Calculated CHA~2~DS~2~-VASc scores identified 43.8% patients as low to intermediate risk (score 0--1) and 56.2% patients as high risk (score ≥2). These scores are reported in Figure [2](#F2){ref-type="fig"}. The most frequent was score of 1 (32.9%) and 4 (16.8%), closely followed by 3 (15.3%). In the group with the paroxysmal fibrillation, the most common score was 1 (47.46%), and in the permanent AF group it was 4 (22.73%) and 5 (27.27%). There was also an increase in the incidence of stroke with increasing CHA~2~DS~2~-VASc scores (*P*~trend~ \< .0001).

![CHA~2~DS~2~-VASc score distribution. CHA~2~DS~2~-VASc score = congestive heart failure, hypertension, age, diabetes mellitus, prior stroke or TIA or thromboembolism, vascular disease, age, sex category.](medi-98-e16560-g006){#F2}

The predictive value of CHA~2~DS~2~-VASc regarding the overall, all-cause mortality was confirmed (OR 1.71, 95% CI 1.10--2.67, *P* \< .017), as patients with higher risk scores had a survival rate of 79.1%, whereas medium risk and low risk patients had survival rates of 95.6% and 100%, respectively. Every 1 point increase in the CHA~2~DS~2~-VASc score almost doubled the probability of death. The Kaplan--Meier survival curves over the 5 years following discharge are shown in Figure [3](#F3){ref-type="fig"}. At the end of the follow-up period, the cohort consisted of only 121 patients (88.3% out of 137). Furthermore, we looked at other risk factors of mortality, not included in the CHA~2~DS~2~-VASc score that could be predictors of mortality in AF. Significant predictors were found to be valvular heart disease (OR 5.04, 95% CI 1.10--23.10, *P* = .037), hyperlipidemia (OR 4.82, 95% CI 1.03--22.63, *P* = .046) and chronic renal failure (OR 14.21, 95% CI 2.41--83.91, *P* = .003) (Table [5](#T5){ref-type="table"}). AF type did not considerably affect the survival rates (paroxysmal, persistent and permanent AF: 94.9%, 86.7%, 77.3% survival, respectively, *P* = .158) or the incidence of stroke (*P* = .466). Concerning the drug therapy, 86.1% of the patients received anticoagulation treatment, combined with an anti-platelet therapy in 12.4% of cases. Only anti-platelet therapy was used in 10.2% of the patients and 3.7% of patients did not receive any therapy. Comparison between the anticoagulation and anti-aggregation treatment between the 3 groups of AF did not show any significant statistical difference (*P* = .208 and *P* = .167, respectively).

![Survival curve by evaluation of risk as determined by CHA~2~DS~2~-VASc score. CHA~2~DS~2~-VASc score = congestive heart failure, hypertension, age, diabetes mellitus, prior stroke or TIA or thromboembolism, vascular disease, age, sex category.](medi-98-e16560-g007){#F3}
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Multivariate analysis of mortality predictors in AF.
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4. Discussion
=============

Although many groups have reported their findings with regards to a number of variables that are associated with outcomes of patients diagnosed with AF (such as bleeding, thrombi or embolisms), fewer reports have looked more specifically at mortality and its causes.^\[[@R6]--[@R13]\]^ Because the CHA~2~DS~2~-VASc introduces new variables very useful for the clinical cardiologist, the ESC^\[[@R4]\]^ as well as the ACC/AHA^\[[@R5]\]^ recommended the CHA~2~DS~2~-VASc score in the management of atrial fibrillation in guidelines. The CHA~2~DS~2~-VASc introduces new variables very useful for the clinical cardiologist such as previous myocardial infarction or chronic stable coronary disease in all its clinical manifestation, and peripheral vascular disease, including aortic atherosclerosis, lower extremities arterial disease, and carotid artery disease, and also congestive heart failure, hypertension, diabetes, stroke vascular disease, age, and sex category.^\[[@R6]\]^

Our study is distinctive in investigating the variables that influence the risks of all-cause mortality for all 3 major forms of AFs. This study shows that the CHA~2~DS~2~-VASc score correctly identified high-risk patients and confirmed its significant predictive value in patients with AF as confirmed by a number of other clinical trials. In a study population of 8962 patients, Philippart et al^\[[@R14]\]^ established the prognostic value of the CHA~2~DS~2~-VASc score in patients with non-valvular AF and valvular heart disease. Moreover, in the prospective Danish "diet, cancer and health" cohort study, Larsen et al^\[[@R15]\]^ demonstrated the added predictive ability of the CHA~2~DS~2~-VASc score over the CHADS~2~ score. As the CHA~2~DS~2~-VASc score is more inclusive of common stroke risk factors, more patients with AF fulfill the criterion for anticoagulation treatment, thereby having the potential of reducing their risk of stroke and death. The mortality in our study was 11.7%, which is similar to what was reported in a Danish cohort by Olensen JB et al.^\[[@R16]\]^ Our study further provided evidence that the CHA~2~DS~2~-VASc score was the most significant predictor of mortality along with other risk factors not included in the CHA~2~DS~2~-VASc score such as valvular heart disease, hyperlipidemia and chronic renal failure.

Other studies have compared a number of existing risk stratification schemes. Fox et al^\[[@R8]\]^ recently compared the novel GARFIELD-AF risk tool to the CHA~2~DS~2~-VASc score and the HAS-BLED scoring systems in a cohort of 39 898 patients. This prospective study validated that the newly --constructed GARFIELD-AF integrated risk tool can be used to predict the risk of bleeding, stroke, and mortality in AF patients. The results of the GARFIELD-AF study support the data obtained from our retrospective trial showing an increase in stroke and mortality with increasing CHA~2~DS~2~-VASc scores.^\[[@R17],[@R18]\]^

Comparing the incidence of comorbidities between men and women, we observed a statistical difference in the incidence of comorbidities between men and women for age ≥ 75, with women older than 75 showing a significantly higher incidence of comorbidities. This finding is in keeping with recent studies^\[[@R19],[@R20]\]^ showing later onset and increased severity of AF in older women. Furthermore, gender differences could be attributable to the differences that exist in the treatment recommendations and administration of oral anticoagulation therapy for female versus male patients across various guidelines. As discussed by Lip and Nielsen,^\[[@R21]\]^ the American Heart Association/American College of Cardiology/Heart Rhythm Society (AHA/ACC/HRS) guidelines for the management of AF recommend treatment for patients with a CHA~2~DS~2~-VASc score = 1 for men, and score = 2 women.^\[[@R5]\]^ However, the European guidelines favor treatment in patients with 1 non sex-related risk factor.^\[[@R22],[@R23]\]^ The Europeans guidelines were followed for patients included in our analysis.

This study was focused on investigating the variables relating to the clinical status of AF patients for all 3 major types of AF. The type of AF type did not affect survival, nor the incidence of stroke and bleeding, nor the anticoagulation and anti-aggregation treatment. On the other hand, our findings have identified significant variations in the comorbidities between paroxysmal, persistent, and permanent AF as is stated in Table [4](#T4){ref-type="table"}. Patients with paroxysmal AF were shown to suffer from significantly lower frequencies of ischemic heart disease, vascular disease, diabetes mellitus, valvular heart disease and heart failure/left ventricular dysfunction. Our data complements an increasing array of findings generated both prospective and retrospective clinical trials^\[[@R6]--[@R13]\]^ that, considered together, continue to shape and improve the risk stratification of patients with AF in terms of the prediction of mortality, stroke and bleeding as well as the optimal timing of anticoagulation therapy.

4.1. Limitations
----------------

Our study included a limited number of patients as it was the first analysis of this type that was performed in the National Institute of Cardiovascular Diseases. Moreover, not all clinical information was contained in every patient\'s medical records. More specifically, patients that were referred to the regional cardiologists for follow-up after discharge had incomplete data.

5. Conclusion
=============

Our data identified several important clinical variables that are associated with the risk of one or more outcomes, in terms of mortality and stroke. The type of AF type did not affect survival nor the incidence of stroke. However, patients with paroxysmal AF were linked to significantly lower frequencies of ischemic heart disease, vascular disease, diabetes mellitus, valvular heart disease and heart failure/left ventricular dysfunction. Therefore, the comprehensive management of AF should encompass, not only anticoagulation treatment, but also therapy for comorbidities strongly associated with poor outcomes, namely valvular heart disease, hyperlipidemia and chronic renal failure. The CHA~2~DS~2~-VASc score is a useful tool in identifying patients with high risk of mortality that would benefit from anticoagulation therapy.
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